Osteoarthritis (OA) is the most prevalent form of arthritis and one of the leading causes of chronic disability which is becoming more pronounced as the population ages. Various genetic, biologic and mechanical factors contribute to disease process in OA. A large cascade of events leads to breakdown and degeneration of cartilage in a progressive manner ultimately resulting in the damage of the joint including the subchondral bone. Although majority of attention was given to chondral surface of the joint in the past, recently subchondral bone has been taken more and more attention during the investigation of degenerative phase in osteoarthritis. In our review we aimed to review the processes that were taken place during the osteoarthrosis especially in the subchondral bone and to give a new point of view for the further investigations.
Introduction
Osteoarthritis (OA) is the most common chronic arthritis affecting patients over the age of 65. The knee is the most common joint affected in OA. Various genetic, biologic and mechanical factors contribute to disease process in OA. OA is a slowly progressing joint degeneration which is characterized by cartilage damage, subchondral bone alterations, osteophyte formation and synovial tissue inflammation.
Subchondral Bone and Its Features
Specific anatomical regions have been described in the bone underlying joint cartilage, including the subchondral cortical plate, subchondral trabecular bone and sub-articular bone [1] - [3] . The most superficial layer of osteochondral tissues is articular cartilage which is very important in absorbing shock and maintaining normal joint environment [4] .
Subchondral bone refers to the bony components which lie under calcified cartilage [1] - [3] . It is comprised of subchondral bone plate and subchondral trabecular bone. Subchondral bone plate consists of cortical bone, which is relatively nonporous and poorly vascularized. It is separated from the overlying articular cartilage by zone of calcified cartilage [4] .
Deep regions in calcified cartilage which can not be nourished by synovial tissue are nourished by vascular supply between trabecular bone and calcified cartilage. Therefore cells in subchondral bone plate are nourished by those vessels [5] .
Subchondral bone has two essential functions: stress absorption and maintenance of cartilage nutrient supply [5] . Relative to the subchondral bone plate subchondral trabecula is more porosive and metabolically active consisting blood vessels, sensory nerves and bone marrow [1] .
Each region likely contributes differently to cartilage pathology. However, a lack of clear boundaries between these tissues by current imaging techniques generates some confusion in their study and thorough research will help to improve our understanding of subchondral bone properties [6] .
Alterations in Subchondral Bone in Osteoarthritis
Main function of articular cartilage is load bearing. It has low water content, so this allows performing under compressive loads without failure. However articular cartilage cannot withstand high tension or shear stress for a long time and in the end cartilage splitting or fibrillation can occur. OA is characterized by an initial loss of proteoglycan from upper zone followed by the degradation of the collagen network.
Animal models for the most part show that changes in the subchondral bone are parallel to cartilage degradation [7] .
Osteoarthritis appears to be a group of heterogeneous conditions that follow a common pathway of pathologic findings and clinical symptoms, including alterations in subchondral bone [8] . There are well described changes that are observed in both articular cartilage and subchondral bone in OA [4] [9]- [11] . Changes in the bone include sclerotic changes, thinning of articular cartilage [5] , Thickening of the subchondral plate and subchondral cortical thickness, osteophyte formation, advancement of tidemark associated with vascular invasion of the calcified cartilage and the development of bone marrow lesions and bone cysts in the subchondral compartment [12] [13].
Although subchondral cortical plate is not very porous or vascular in nature subchondral compartment has a rich nerveous and vascular supply. The channels containing vessels and nerves are major source of pain in OA and when vascular supply reduces it leads negative effect on subchondral area [1] [3] [14] [15] . The distribution and intensity of these channels depends on age and compressive forces transmitting through cartilage and subchondral bone. Both the subchondral cortical plate and cancellous bone shows distinct difference in their behavior during progression of OA and hence must be regarded as separate units to understand the deformation of the joint.
The mechanical effects of loading on bone remodeling not only affect bone mass but also produce alterations in the contour and shape of the subchondral bone.
The subchondral bone explants from OA patients, secrete high levels of alkaline phosphatase, osteocalcin, osteopontin, Interleukin-6 (IL-6), Interleukin-8 (IL-8), and progressive ankylosis protein homolog (ANKH), urokinase plasminogen activator, prostaglandin and insulin growthfactor-1 compared to normal bone explants.
There are many trials demonstrated that the presence of bone marrow lesions (BMLs) are closely related for structural deterioration in knee OA [16] - [21] . Roemer et al. attributed subchondral bone attrition to BMLs [22] . BMLs adjacent to the subchondral plate have been shown to have increased bone volume fraction and increased trabecular thickness, but reduced tissue mineral density [23] , consistent with OA being associated with increased bone turnover. Both subchondral bone abnormalities are associated with cartilage loss as well [16] [24] . In an animal study, Hayami et al. demonstrated that as an antiresorptive treatment biphosphonate therapy may suppress bone resorption so later development of OA [25] . Crema et al. also indicated that subchondral cysts arise at the same site as BMLs [26] .
There are some risk factors for the development of OA. The majority of them are obesity, previous trauma, overused, occupational habit, impact sports activity and genetics.
The American Academy of Orthopaedic Surgeons recommends that patients with knee or hip OA who are overweight, lose weight. Recent studies have also demonstrated the efficacy of an exercise program in improving muscle strength, mobility, and coordination and a decrease in the amount of paracetamol taken by patients with OA of the hip or knee.
The presence of other risk factors such as age, skeletal shape abnormalities, joint overload or obesity may have a synergistic effect for OA initiation [6] . These factors effect progression by directly or indirectly influencing subchondral bone. The microarchitecture of subchondral bone is closely associated with aging (Figure 1) . In the literature it is shown that subchondral trabecular bone thickness and bone volume decrease, connectivity between trabecular bone and calcified cartilage becomes slower by age [1] [27] [28] . The negative effect of obesity on bone health may be attributed to increased fat acid, adipokines and inflammatory cytokines such as interleukin-beta. However in another study it is indicated that increased biomechanical loads in obese patients lead to subchondral bone stiffness [29] . Although moderate biomechanical loading protects from OA, excessive loading cause development of OA. It is shown that subchondral bone responds to the stress of exercise by increasing bone formation and density [30] . Therefore Colon et al. indicated that subchondral fragmentation and microfracturesmay cause subchondral necrosis and sclerosis in racehorses [31] . Due to causing joint malalignment and microfractures traumatic ligament injuries may also affect subchondral bone [14] .
Brooke and Helal [32] reported that venous drainage of subchondral bone is defective. Arnoldi et al. demonstrated that intact arterial flow with venous drainage deficiency leading to subchondral intraosseous venous hypertension was indicated [33] . They concluded that subchondral bone hypertension may cause non-traumatic ischemic necrosis. Kiaer et al. [34] also showed that increased intraosseous pressure consequently leads to hypoxia in the femoral head of hips with early osteoarthritis and in ischemic necrosis of bone. They concluded that necrosis of bone trabeculae and bone marrow are early manifestations of both osteoarthritis and ischemic necrosis of bone [34] . Therefore, as Imhof et al. reported hypertension in subchondral bone decreases nourishment at that region [35] . In a microangiographic study, Bakker et al. reported that thrombus blocked vessels may also predispose OA formation [36] . However hypertension and hypercoagulopathy are generally seen together [37] [38]. So in OA the questions of which one is responsible for or are they consequences of OA are controversial. 
Conclusion
In adopting the "joint as an organ" approach to understanding, diagnosing and treating OA, subchondral bone pathology should be further examined to characterize its involvement and importance.
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